The target fragmentation in an inclusive reaction is studied in a baryon exchange model. The invariant distribution function expressed by the total cross section of hadron-hadron scattering shows the scaling behavior. The calculation is compared with the data. The formalism is also applied to the inclusive reaction by electrons. Possible connection of Bjorken scaling to the. limiting fragmentation is discussed. § I. Introduction and summary It has been suggested by several authors 1 >• 2 > that the familiar one-particle exchange process 8 > could be very important in inclusive reaction. Consider the reaction (1·1) as shown by Fig. 1 , where a CPa) stands for the incident particle (n±, K±' r. p, etc.) with momentum Pa, N for nucleon with mass m, 1!' for pion of mass f.J. and X for "anything" with P 2 =Mi, respectively. As pointed out by these authors, the squared momentum transfer t = ( P-PaY can reach a value tm= = ( m-f.l.Y at negative x, where xis the scaling variable x=2k1/-Js with s= (Pa+PNY· Thus, the baryon pole contribution could be as important in reaction (1·1) as in the twobody backward scattering processes. 4 h 5 > On the other hand, the fact that tmax coincides with the tchannel (n + N~ X+ a)nN pseudo-threshold demands us to pay particular attention to the kinematical factors appearing in the amplitudes for reaction(1·1). Determination of the correct kinematical factors is, however, associated with the problem of Reggeization of the baryon, and ii: is possible to obtain different expressions according to different approach to the Reggeization. In Ref. 2), the magnitude of the baryon exchange contribution is up.determined, X a (Pal Fig. 1 . The kinematics for the inclusive reaction considered.
§ I. Introduction and summary
It has been suggested by several authors 1 >• 2 > that the familiar one-particle exchange process 8 > could be very important in inclusive reaction. Consider the reaction (1·1) as shown by Fig. 1 , where a CPa) stands for the incident particle (n±, K±' r. p, etc.) with momentum Pa, N for nucleon with mass m, 1!' for pion of mass f.J. and X for "anything" with P 2 =Mi, respectively. As pointed out by these authors, the squared momentum transfer t = ( P-PaY can reach a value tm= = ( m-f.l.Y at negative x, where xis the scaling variable x=2k1/-Js with s= (Pa+PNY· Thus, the baryon pole contribution could be as important in reaction (1·1) as in the twobody backward scattering processes. 4 h 5 > On the other hand, the fact that tmax coincides with the tchannel (n + N~ X+ a)nN pseudo-threshold demands us to pay particular attention to the kinematical factors appearing in the amplitudes for reaction(1·1). Determination of the correct kinematical factors is, however, associated with the problem of Reggeization of the baryon, and ii: is possible to obtain different expressions according to different approach to the Reggeization. In Ref. 2) , the magnitude of the baryon exchange contribution is up.determined, In this paper, we regard the "anything" X as ·a particle of mass Mx, arbitrary spin and parity and take into account the necessary pseudo-thre shold condition at t = (m-fl.Y required from the kinematics of the t~o-body reaction. As to the Reggeizatio n of the baryon, we assume that the parity partners of N(940) and J(1236) are "killed" by factors (whose origin is presumably dynamical) prescribed in the Born term calculation. It should be a reasonable approximation to the existing various schemes, 6 l since we are considering only the neighborhood of the particular baryon poles mentioned above. With these approximations, we show that the leading term in the tri-Regge region of the target fragmentati on can be expressed with the knowledge of n(N) or n(J) total cross section, where (N) and (J) represent the nucleon and the delta Regge poles.
With the linear trajectories inferred from the Chew-Fraut schi plot, one can reproduce the n+ x-distributio n, though the k.L-distribut ion compared with the one from p-p collision is not very satisfactory . We ·do not try to get better fit .by varying or introducing the parameters, and are content to see that the neutron exchange processes can make a major contribution . As to the n-spectra, one -needs additional assumption on the helicity dependence of n-(J) scattering. A particularly interesting result can be obtained in applying the present approach to the photo-proce ss (1·2) and electro-proc ess e+ p~e' +X+n+.
(1·3) In reaction (1·2), the proton fragmentati on is expressed by cross-se.ction ~rN· Further if the target fragmentati on is independent of the projectile, as is suggested by the intuitive fragmentati on picture/l and is true in our expression for the hadron initiated reaction, the quantity ~rN must be related to the proton fragmentation in reaction (1· 3). On the other hand, the proton fragmentati on for reaction (1· 3) is given by the neutron structure function W1,n (Mx 2 , l), where q 2 is the minus of -the squared momentum transfer of the electron. It is easy to see that the proton fragmentatio n is independent of l if s/ q 2 ~ 1, and if W1;n is scaling with respect to Bjorken variable w= (M}/l) + 1 8 l and is diffractive. Thus in our approach, that the structure function W 1,n is scaling and diffractive (for large w) is the necessary condition to have a scale invariant and projectileindependent proton fragmentatio n. That our calculation for reactions (1· 2) and (1· 3) is consistent with the gauge invariance requirement and that the cross section for reaction (1· 3) is dominated by the transverse cross section are shown 111 the Appendix.
In the next section the general formalism and the results obtained are pres-ented. In § 3 the results obtained in the previous section are compared with the data.
In the final section we discuss the problem of the effective trajectories, since many analyses 9 > indicate that the baryon exchange processes are much suppressed in the inclusive reactions apparently. The connection of the present paper to the earlier works and to the 'different approaches are also discussed. § 2. Kinematic~, Reggeization and the Chew-Low type extrapolation of the baryon-exchange processes
In order to make Reggeization of the amplitudes for reaction (1·1) we shall treat a cluster of particles X as if it were a quasi-particle. Then we cari construct kinematical-singularity-free amplitudes based on the well-known two-body kinematics. T 6 incorpolate some kinematical aspects is essential for determining the overall normalization of the baryon-exchange contributions by the Chew-Low type extrapolation. 8 > The states of the quasi-particle X may be characterized by mass Mx, helicity Ac and other quantum numbers, such as total spin, parity, physical constituent particles, etc. · The latters will be lumped together and denoted by a single variable v. We write the s-channel helicity amplitude for "two-body" reaction a The inva~iant distribution of the final pions for the incident particles having a definite helicity can be expressed as
The assumption of exchanged-baryon-pole dominance and a smooth extrapolation of the amplitudes from the physical region to the pole position implies that only a few terms in the sum over Ac should give appreciable contributions.
To avoid unnecessary complication let us first work out the case of incident particles of JP = o-, and indicate later necessary modifications due to the spin of incident particles. The t-channel helicity amplitudes in this case are denoted by ff;,, (s, t; Mx 2 , v) , where ). = Ac and ).' is minus the nucleon helicity. Since it follows from parity invariance that (2·5) we may limit ourselves to the cases ;.>1/2. In the above nv is the normality of X, i.e., parity times ( -1Y•-1 1 2 • It is evident that the Reggeization in the van Hove modeP 0 l is particularly suitable to realize the kinematics demanded by. Lorentz covariance. Working in this model with linear trajectories (and excluding any fixed J-cut of CarlitzKislinger6l) we need parity-doublet trajectories, which we take as (Na, Np)-and (J8, .dr) -trajectories. We are led to propose the following Reggeized amplitudes:
In the above 
with M = 1236 MeV. Finally, making use of an analytic continuation with respect to t to the point at which the exchanged baryons are on the mass-shell, one can fix the overall normalization. The final results can be expressed in terms of total cross sections for a-(B) scattering and a form factor K(t) which is normalized as unity at t=m 2 (or M 2 ) . For the processes a+p~X+n± we obtain, respectively,
where g!N/4n=14.7 and the nNLI coupling constant is defined by To extend the above argument to incident particles of non-zero-spin is straightforward. Particularly one notes from Eq. (2 · 3) that the helicities of an incident particles are not transformed approximately as we move from the s-channel C.M. system to the Gottfried~Jackson frame 18 ' where the quasi-particle X is at rest. This implies that the overall normalization factor is given by the a-(B) total cross section for the particle a having the same helicity Aa as in the s-channel C.M. system. This situation can be directly seen, if the forward a-(B) scattering amplitude is expressed as a sum of Lorentz-invariant amplitudes. As an example we have studied the neutron-exchange contribution to the process r v + p~ X+ n+ where r v denotes virtual photons emitted by e-+ p~e-+X+ n+. The result is written as
See the Appendix for notations and details. It is remarked that this result may be valid for the real photon case q 2 =0 as well as for the Bjorken limit (s, l~= with finite (J)=s/ q 2 + 1), as far as the momentum-transfer t is close to the baryonpoles. In the Bjorken limit
Similarly, if one neglects possible dependence of the cross section (Jr4 upon Llhelicity, the pion distribution in rv+ p~x + n-is given by
This result shows that the Ll-resonance should preferably absorb the transversally polarized rv, as is the case for nucleons. should be large, so that the asymptotic, Regge expansion is justified. We assume the region x:S-0.5 (s/ Mi?:-2) excluding x:::::: -1 satisfies this condition.
2) The magnitude of the squared momentum transfer t should be smalL We consider JtJ;50.5(GeV /c) 2 for this condition. This, together with the requirement _that the s-channel scattering angle e. as well as angle cp in Eq. (2 · 3) is small (which are related to small I tJ) enables us to expect that the leading baryon Regge pole is dominant and that the s-channel amplitudes with large helicity flip are negligible. We assume sin 0,;50.2 fits the condition for an incident pion of p=16 GeV /c.
As can be inferred from Fig. 2 , the region where the validity of our expressions is expected, is limited by -1<x< -0.5 and k.L 2 ;50.5(GeV /cY.
To assure that the amplitudes (2 ·12) and (2 ·13) are reduced outside this region, we assume the form factor K (t) to have the form -IJ
f+~,---,. tunately the fit to the data is not satisfactory. Though it would be possibte to get better fit by modifying and introducing parameters, 'Ye do not try them here. Through the comparison with the data, we can conclude that the baryon-exchange processes can make. a major contribution to the target fragmentation, though the form factors and the simplified expressions in Eqs. (2 ·12) and (2 ·13) are not enough to get satisfactory quantitative fit. § 4. Discussions
The analyses and the conclusion in the preceeding section might look doubtful if the fact that the so-called effective trajectories of baryon poles are much lower than those in the Chew-Frautschi plots is considered. For example, Chen et al. 9 l obtained aeff=0.53t-1.32 and aeff=0.78t-2.0 for p+p~n++X and p+p ~n-+X, respectively. Also the aeff in Fig. 4 is lower than those of the ChewFrautschi plot. Part of the origin of this discrepancy cal] be traced to the ambiguity in defining cos 81 at pseudo-asymptotic region. In a two-body reaction, one can assume either cos ()1~s/ Mx 2 .or cos 8 1~ (s-cMi) / Mx 2 with c an arbitrary reasonable constant, since the normalizing squared mass Mi is fixed (usually as 1 Ge V 2 ) , and the term proportional to c can be included in the contribution from the daughter trajectories. This subtle difference, however, can have important effects on determination of the effective trajectories in an' inclusive reaction, where· analyses are frequently made by varying Mi with fixed s and t. One notices that a value of c;S1 does not destroy the approximate linearity of the plot of the logarithm of the invariant spectral function versus log Mi, whereas the effective trajectories are very sensitive to the choice of the parameter c. It is easy to see that the expressions (2 ·12) and (2 ·13) are mixture of cos ()1 defined for c = 0 and c = 1, which results from the kinematics discussed in § 2.
As to the <.d)-trajectory, another factor complicates the situation. Our expression (2 ·13) indicates that the spin-independent part of the n-LI cross section does not appear as the term with leading power of s/Mi. If the dominant n-LI cross section is independent of the Ll-helicity, the effective trajectory would be a4.-l. One notices that even in the two-body ·reaction, the effects of the Lltrajectory is not unanimous. 4 J,ijJ>OJ The discrepancy comes from the kinematical difficulty associated with the Reggeization of the baryons. As to this point we have adopted a viewpoint represented by Eq. (2 · 9).
We now discuss our results (2 ·15) on the reaction initiated by a virtual· photon. As can be seen from Eqs. (2 ·12) and (2 ·13), our formalism is consistent with the existence of the limiting target fragmentation independent of the hadron projectile a. This situation is the same for the proton fragmentation in r + p reaction, since the Pomeron contributes to O"rNjust as in any hadron-hadron collision. On the other hand, to insist that the proton fragmentation is independent of the projectile virtual gamma, or more explicitly, of q 2 for a region s/ l ::}> 1, one must have diffractive structure functions wl and J) w3, and these functions must be scaled with respect to the Bjorken variable. 8 A natural consequence of the present approach is to ask what is affected by the virtual photon mass -l. As is shown by several autl:).ors, 20 ' a-significant part of pions from the projectile fragmentatio n can be given by boson exchanging diagrams. For a real incident photon, the pion-exchang e diagra~ is shown to be of importance.31 > One can easily see that this diagram becomes less important as q 3 increases if the projectile photon is virtual. Thus, the pion spectra in the projectile fragmentatio n in deep inelastic e-p process must be different from the correspondin g ones in a photo-produc tion process. The notion of "pulverizatio n" advocated by Chou and Yang 33 > and discussed by Hwa and Lam 38 l and by the present authors 34 > seems to give a scheme consistent with the present approach. Before ending this section, let us discuss briefly the corresponden ce of the present approach to other apparently different ones. In terms of Muller's expansion, 36 ' we claim that a certain "F eynman graph" of the baryon poles are important in the target fragmentation . Evidently the diagram of "pionization " which contributes to the central region JxJ ::::::0 and has two Pomeron exchanges is not taken into account.
In the derivation of Eqs. (2 ·12) and (2 ·13), one essential requirement is small {}, and q;, which is satisfied at any non-zero JxJ as energy goes higher, and in fact, the squared momentum transfer reaches its maximum (m-p.) 2 This consideration may be useful to consider the corresponden ce of the present approach to the diffraction-di ssociation model. 26 ' In the diffraction-di ssociation model, both V(s, t) and V(s, u) (which corresponds to boson trajectory exchange under present definition) are included. The fact that the K-spectrum falls very sharply as x reaches -1/ 7 ' and that the K+ spectrum shown in Fig. 3 is consistent with the experimene7> indicate that the neglected V(s, u) terms are small in the region discussed. On the other hand, however, the dips observed in the two-body backward scattering are absent. in the inclusive spectra, which may be regarded as. a measure of the importance of the neglected terms.
While the manuscripts were under preparation, it came to our attention that the papers by Abarbanel and Kogut 28 > and by Choudhury and Rajaraman 29 > contain topics related to the present paper. 
